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Description 

FiQlflpfftft Invention 

The present invention relates to an adsorption material comprising activated carbon fiber (hereinafter referred to as 
ACF) and a fforiflating porytetrafiuoroethylene resin (hereinafter polytetrafluoroethylene resin is referred to as PTFE). 
More particularly, the present invention relates to an adsorption material comprising ACF and a PTFE having a high 
bulk density and a high mechanical strength, which adsorption material forms less black dust on handling and may be 
formed into various shapes. The present invention further relates to a method of preparing the adsorption material. 

Background of the Invention 

Air pollution is harmful not only to health but to electrical equipment. The corrosive components of polluted air, such 
as SO x and NO x , can corrode the electronic circuits of computers, wiring and junctions, thereby leading to disorders or 
errors. 

A known countermeasure is to fit an adsorbing element packed with activated carbon into the vent holes or inside 
of electrical equipment to prevent pollutants from entering or to adsorb pollutants that have entered. 

However, a conventional adsorbing element packed with powdered or granular activated carbon as such tends to 
generate electrically conductive dust If the dust enters electrical equipment it can induce a short-circuit In addition, 
powdered or granular activated carbon that is merely packed into housing must be used in a large quantity to sufficiently 
remove pollutants. Therefore such an adsorbing element becomes bulky. 

To overcome the above noted disadvantages associated with an adsorbing element using granular or powdered 
activated carbon, special measures are necessary to prevent dust from entering electrical equipment, including for 
example, tight sealing around the adsorbent with a porous membrane filter. In order to prevent dusting or improving 
adsorptivity, it has been proposed to set powdered activated carbon with a resin or to impregnate powdered activated 
carbon with a chemical. However, use of a resin-set powdered or granular activated carbon in an air flow path disad- 
vantageous^ results in a large pressure drop, and those impregnated with a chemical suffer from release of the chem- 
ical into the surrounding equipment over time. 

On the other hand, ACF has recently been developed. This is expected to be a promising adsorbent because of its 
high rate of adsorption based on a large outer surface area and superiority to powdered or granular activated carbon in 
adsorptivity per unit weight. Fabric or paper-like articles made of activated carbon fiber are bulky due to a low packing 
density of, for example about 0. 1 g/cm 3 . Pieces of activated carbon fiber in a fabric or paper form tends to break off and 
generate dust. Fabric or paper-like activated carbon fiber is not easily fabricated into a desired shape and tends to 
break apart when cut into pieces to thereby generate dust. As a result, it is difficult to make fabric or paper-like activated 
carbon fiber into a compact adsorbent for use as an adsorbing element for electrical equipment. The above noted prop- 
erties also limit size reduction of an adsorbing element. In a manner similar to the aforesaid powdered or granular acti- 
vated carbon, fabric or paper-like activated carbon fiber must be tightly sealed to prevent when used as an adsorbing 
element for electrical equipment. 

On the other hand, powdered or granular activated carbon is difficult to mold. Known molded articles of powdered 
or granular activated carbon include a honeycomb structure and a structure comprising activated carbon that is sup- 
ported on an urethane article. In recent years, an activated carbon sheet comprising activated carbon powder and a 
fibrillating fluorine resin that forms fibrils has been proposed in JP-P-3- 122008, JP-A-3-228813, and JP-A-3-228814 
(the term "JP-A" as used herein means an "unexamined published Japanese patent application"). According to these 
techniques, PTFE is f ibrillated to form a network structure (of fibrils), and activated carbon particles are taken up into 
the network structure so as to retain their activity without being coated with PTFE. 

A conventional ACF sheet has a low packing density, as low as about 0.1 g/cm 3 , due to the bulkiness of an ACF 
sheet. Thus, ACF molded articles disadvantageous^ have low packing density and are bulky. Moreover, an ACF has 
low fibrous strength and is brittle. Thus, when shaped into a sheet the fibers break into fine particles and tend to fall off 
as black dust. 

Paper formed from ACF should desirably have a high ACF content for ensuring high adsorptivity. However, an 
increase in ACF content causes an increase of black dust and a reduction in paper strength. For this reason, the upper 
permissible ACF content has been limited to 70 to 80% by weight. 

As an ACF-containing material for adsorbents, a filter sheet comprising ACF and rigid micro-f ibrillated organic syn- 
thetic fiber such as fiber obtained from a poly(pijhenyleneterephthalamide) also has been proposed (see JP-A-3- 
202108). This filter sheet which is prepared by previously mixing ACF and micrc-fibrillated fiber and then making the 
mixture into paper, is basically a kind of paper. As a result the filter sheet lacks general-purpose processability. 

When activated carbon powder is molded into a sheet together with a fibrillating fluorine resin as mentioned above, 
the packing density of the activated carbon powder is greately increased, and the resulting sheet like wise has an 
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increased packing density, tt follows that us of the adsorption sheet thus obtained in an air flow path causes an 
increased pressure drop. In order to ameliorate this drawback, a special means for controlling the packing density in an 
activated carbon sheet has been desired. 

For example, the activated carbon sheet using powdered activated carbon, disclosed in JP-A-3-228813. is pro- 
s duced by kneading powdered activated carbon with a fibrillating fluorine resin, easily water-soluble inorganic salt pow- 
der, and an alcohol kneading aid. molding the mixture, and thai dissolving and removing the inorganic salt to thereby 
reduce the packing density. The subject publication describes that the molded article produced by adding easily water- 
soluble inorganic salt powder has a bulk density (the same as a packing density) of 0.35 Qfmt and exerts less pressure 
drop. 

10 In order to reduce the packing density of an activated carbon sheet containing powdered activated carbon. JP-A- 
3-22881 4 teaches a method of preparing the sheet without using rollers for molding the sheet. In this method, the sheet 
is prepared by a paper making process and the sheet is subjected to a hot-pressing treatment at a temperature of 
250°C or higher and a pressure of 10 kg/cm 2 or higher. The publication discloses that the bulk density (the same as a 
packing density) of the thus produced activated carbon sheet is approximately less than 0.5 g/cm 3 . while a sheet pre- 

is pared by using rollers has a bulk density of 0.65 g/cm 3 and exerts a greater pressure loss. 

However, the above-mentioned steps for reducing packing density tend to induce contamination of activated carbon 
with the salt or the alcohol used to prepare the sheet, and the resulting molded articles have limited porosity. 

EP-A-0 51 7 189 discloses a sheet containing activated carbon fiber and a process for producing such a sheet. Indi- 
vidual fibers of an activated carbon fiber are bonded to each other via a thermoplastic resin such as a fluoro-resin. 

20 Bonding takes place by heating at a temperature of at least the thermal deformation temperature of the thermoplastic 
resin. 

Summary of the Invention 

25 An object of the present invention is to provide an adsorption material having a high bulk density and a high 

mechanical strength, which adsorption material forms less black dust, retains activity essential to ACF, provides less 

pressure drop and is easily formed into various shapes. 

A second object of the present invention is to provide a process for producing an adsorption material having the 

above-described characteristics. 
30 Accordingly, the present invention provides an adsorption material comprising milled activated carbon fiber bound 

together by fibrils of a polytetraf luoroethylene resin, characterised in that said adsorption material is obtainable by: 

(i) mixing milled activated carbon ftoer and polytetrafluoroethytene resin particles, and then 

(ii) applying compressive shear stress to the mixture to f ibrillate the polytetraf luoroethylene resin particles. 

35 

A second aspect of the present invention provides a method for manufacturing an adsorption material, which com- 
prises mixing milled activated carbon fiber and polytetrafluoroethylene resin particles, and then applying compressive 
shear stress to the mixture to f ibrillate the polytetrafluoroethytene resin particles. 

40 Brief Description of the Drawings 

Fig.1 is a scanning electron microscope (SEM) photograph of a surface of the adsorption material of the present 
invention. 

Fig. 2 is a SEM photograph of the surface of the adsorption sheet obtained in Example 1 . 
45 Fig. 3 is a SEM photograph of the cross section of the adsorption sheet obtained in Example 1 . 

Fig. 4 is a SEM photograph of the cross section of an adsorption sheet comprising ACF and PTFE. 

Fig. 5 is a SEM photograph of the cross section of the adsorption sheet obtained from an adsorption material con- 
taining ACF, PTFE and carbon powder. 

Fig. 6 is a SEM photograph of the cross section of a conventional adsorption sheet comprising powdered activated 
so carbon and PTFE fibrils. 

Fig. 7, 8 and 9 show adsorbing elements for electrical equipment. 

Fig. 10 shows a cylindrical adsorbing element for electrical equipment 

Fig. 1 1 shows an adsorbent having a honeycomb structure. 

Fig. 12 and 13 show the relationship between adsorption characteristics and the mixing ratio of ACF and carbon 
55 powder. 

Fig. 14 shows the relationship between mechanical strength and PTFE content in adsorption sheets of the present 
invention. 

Fig. 1 5 is a microphotograph of an adsorption sheet of the present invention wherein ACF contained therein is ri- 
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errted in approximately a single direction. 

Fig. 1 6 is a microphotograph of an adsorption sheet of the present invention wherein ACF contained therein is ori- 
ented at random. 

Detailed Description of the Invention 

The adsorption material of the present invention is easily fabricated into various shapes without impairing activity 
essential to ACF, and furthermore provides an adsorption article having good permeability to liquid or gas and excellent 
strength. 

The adsorption material of the present invention is porous without introducing any special treatment step therefor, 
and upon use as an adsorbent exerts a lower pressure drop. 

The term "ACP as used herein means activated carbon fiber in its art recognized sense, i.e., porous carbon fiber 
obtained from organic fiber through a treatment for rendering the same non-fusible, a carbonization treatment and an 
activation treatment 

ACF is classified by the starting material used to prepare the same including a polyacrylonitrile type (PAN type), a 
phenol type, a pitch type, a rayon type, etc. Any of these types of ACF is suitable to use in the present invention. Of the 
ACF types, PAN type ACF is particularly preferred in the present invention in view of its high strength and general-pur- 
pose properties. 

PAN type ACF can be prepared by, for example, the process described in J P-A-51- 137694, U.S. Patent Nos 
4,256.607, 4,285,831. 4,362,646. 4,366.085, 4,412,937. 4,460,650, 4,508.851, and 4,520.623. 

Taking SO x and NO x adsorptivity into consideration, acrylic type activated carbon fiber having a basic group con- 
tent of not less than 180 mg/g has excellent SO x adsorptivity (due to the basic group), as disclosed in JP-A-54n86490. 
and acrylic type activated carbon fiber having a nitrogen content of from 4 to 1 5 % by weight has excellent NO x adsorb 
tivity (due to the nitrogenKrantaining functional group), as disclosed in JP-B-56-37865 (the term "JP-B-as used herein 
means a "examined published Japanese patent application"). 

ACF used in the present invention has a specific surface area of preferably at least 400 rr^/g, more preferably at 
least 600 nrVg, and most preferably at least 800 rrf/g, a tensile strength of preferably at least 98 MPa (10 kgf/mm 2 ), 
more preferably at least 196 MPa (20 kgf/mm 2 ). and most preferably at least 294 MPa (30 kgf/mm 2 ), and an average 
diameter preferably from 2 to 50 *im, more preferably from 3 to 20 jim, most preferably from 5 to 1 5 »im. When the aver- 
age diameter is less then 2 urn, the packing density tends to become extremely large, whereas when the average diam- 
eter is more than 50 fim, it is difficult to obtain an adsorption sheet having sufficient tensile strength. 

The term f ibrillating PTFE" as used herein means PTFE that is capable of forming extremely fine ftorils having a 
diameter of not more than about 1 \im upon application of a shear stress. Such f forillating PTFE includes known 
homopolymers of tetrafluoroethylene having a high molecular weight that are obtained by emulsion polymerization 
PTFE materials disclosed in U.S. Patent Nos. 3,281 ,51 1 , 3,864,124, 4,194,040, and 5.277,729 . JP-A-3-1 22008. JP-A- 
3-22881 3. JP-A-3-22881 4. and JP-B-52-32877 can be used in the present invention. Commercially available f ibrillating 
PTFE suitable for use in the present invention are Teflon K10-J and Teflon K20-J. There materials are dust-preventing 
agents avairable from Du Pont-Mitsui Fluorochemicals Co.. Ltd. Teflon K10^J is a powder having an average particle 
size of 500 |im. and Teflon K20-J is an aqueous suspension having an average particle size of 0.2 urn. It is important 
to use such f ibrillating PTFE comprising dispersible fine particles which are uniformly miscible with ACF. 

The terminology "bound" as used herein means the state of ACF in the adsorption material where ACF are entan- 
gled in ftorils developed from PTFE and united into a single body. Fig. 1 shows a photograph of the adsorption material 
of the present invention taken with a scanning electron microscope (SEM). The fiber indicated by arrow 1 is ACF, and 
the fine fibril indicated by arrow 2 is a PTFE fibril entangling the ACF. As shown by Fig. 1 , ACF is bound together with 
thread-like PTFE fibrils in the form of a spiders web. It can be seen that fibrils are bound to ACF by melt-adhering. PTFE 
is attached to only a small part of the ACF surface, leaving most of the surface of ACF exposed. Consequently thus 
seen that the adsorptivity of ACF is retained. 

The adsorption material of the present invention can be produced by the following method. 

The length distribution of ACF used for preparing the adsorption material is not particularly limited. However, in 
order to make the production operation simple and to retain the adsorption characteristic of ACF to a large extent, the 
ACF to be mixed with the PTFE resin is milled to a length distribution approximately the same as the desired length dis- 
tribution of the adsorption material. 

The length distribution of the of ACF is measured using a light-scattering method as disclosed in detail hereinafter. 

The length of each of the ACF in the adsorption material is preferably within the range of from 10 to 1 ,000 Jim, more 
preferably from 20 to 500 jim, and most preferably from 30 to 200 jim. In the present invention, the content of the ACF 
having a ratio (LTD) of the length of the ACF to the average diameter of the ACF of at least 3 is preferably at least 20 
wt% (based on the total amount of the ACF in the adsorption material), more preferably from 30 to 60 wt% and most 
preferably 40 to 50 wt%. 
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When the content of the ACF having a LTD of at least 3 is less than 20 wt%, the packing density tends to too large, 
and when the content exceeds 80 wt%, the mechanical strengths tend to be low. 

The content of ACF having a LTD ratio of at least 3 can be controlled by adjusting conditions of application of shear 
stress to the mixture of milled ACF and PTFE. The conditions can be easily found by repeating experiments. 
s The PTFE content in the adsorption material is preferably from 0.5 to 50 wt%, more preferably from 2 to 30 wt%, 
and most preferably from 5 to 20 wt% based on the total weight of the adsorption material. 

If the content of fibrillating PTFE is less than 0.5 wt%, the binding among ACF would be too weak to obtain suff i- 
cient shapability. In order to obtain an adsorptic material having a sufficient tensile strength when it is shaped into a 
sheet, the amount of PTFE is preferably not less than 2 wt%. If the fibrillating resin content exceeds 50% by weight the 
w packing density and pressure drop increased and adsorptivity is reduced. 

Generally, milled ACF and fibrillating PTFE are mixed at a temperature not higher than 80°C, and preferably not 
higher than 50°C so that the fibrillating PTFE particles do not gather into lumps. Mixing may be conducted using either 
a wet process or a dry process. 

Wet mixing is carried out by adding prescribed amounts of milled ACF and fibrillating PTFE powder or a dispersion 
15 of the powder to water, and stirring the mixture until the mixture becomes uniform. It is desirable to use clean water. Oth- 
erwise, impurities in the water will be adsorbed onto the surface of the ACF to reduce its adsorptivity. It is possible 
although not preferable to use dispersing liquid media other than water, such as an aquious solution of an inorganic salt 
or organic solvents (e.g., an alcohol such as ethyl alcohol, and propyl alcohol) in which fibrillating PTFE is insoluble. 
Such solvents tend to induce contamination or denaturation of ACF and often harmful to a human body. The liquid 
20 media used in the mixture is usually from 1 00 to 500 wt% based on the total weight of the ACF. In wet mixing, the mixing 
is followed by drying. Where water is used, drying is preferably conducted at 80° to 120°C. The drying may also serve 
as a heating step prior to application of a compressive shear stress. It is preferred that the drying is conducted until the 
water or other liquid content (including water adsorped by ACF) in the mixture becomes less than 40 wt%. more pref- 
erably less than 10 wt% based on the total weight of the mixture. 
25 Dry mixing can be carried out simply by stirring weighed amounts of milled ACF and fibrillating PTFE powder until 
the mixture becomes uniform. 

A compressive shear stress is then applied to the resulting uniform mixture of the ACF and the ftorillating PTFE. 
The term "shear stress" as used herein means a force needed subject the mixture of the ACF and the fibrillating PTFE 
to a shear action. The term "shear action" is an action of mutually scratching ACF and fibrillating PTFE in intimate con- 
so tact based on the velocity difference among fibers which contact to each other through PTFE. On applying a compres- 
sive shear stress (the term "shear stress" is used in the same meaning in the present invention) to the ACF-fibrillating 
PTFE mixture, the fibrillating PTFE is f ibrillated, and the ACF is bound together with PTFE fibrils. 

The application of shear stress is usually conducted at a temperature of 20 °C to 320 °C. 

Heating during shear stress application facilitates fibrillation and is effective to prevent size reduction of ACF when 
35 reduced application of the shear stress is desired. A preferred temperature is from 50 °C to 250 °C, and more preferred 
is from 80 °C to 200 °C. At temperatures higher than 320°C, the fibrils are softened and tend to be cut, result in insuffi- 
cient binding. 

Shear stress application can be effected by means of any apparatus preferably capable of conducting milling of 
ACF, mixing of the milled ACF and a PTFE (in the state of a powder or a dispersion), stirring the mixture, and kneading 
40 under compression. For example, a mortar may be used. 

Apparatus suitable for carrying out compressive shear stress application on an industrial scale include an auto- 
matic mortar, a screw kneader, a ball mill, a roll mill (having at least two rollers), and a stirrer equipped with a rotary 
Wade. Rolling by means of a roller or kneading in an extruder is effective to apply a shear stress while accelerating 
shaping. 

45 As a proper shear stress is applied to the ACF-fibrillating PTFE mixture, PTFE fibrils begin to form. At that point, 
the mixture tends to agglomerate and appears wet and then becomes a plastic material like clay. Sheaf stress is 
applied until sufficient plasticity is developed. 

A treatment for a period of about 1 to 10 minutes generally suffices while depending on the stirring or mixing con- 
ditions. The network structure formed of PTFE fibriles varies depending on the ACF used. A network structure readily 

so develops where ACF has conditions suitable for entanglement in terms of diameter, length, and the amount of ACF hav- 
ing proper LVD ratio as described above. To take advantage of this tendency, ACF may be cut to an appropriate length 
before mixing. ACF may be broken simultaneously upon the fibrillation process of PTFE until it has the optimum fiber 
length or optimum fiber length distribution. 

When rollers are used to apply compressive shear stress to the mixture of ACF and a PTFE, the nip size (the size 

55 of the slit between two rollers) of a pair of rollers is preferably at least from 5 to 40 times the diameter of ACF. The nip 
size is more preferably 10 to 20 times the diameter of ACF to allow for fabrillation proceed effectively and to prevent mill- 
ing of ACF to a shorter lengh. The linear sp eds of the surfaces of the tw roll rs should be different so that fibrillation 
proceeds efficiently. The rati of the linear speeds of the surfaces of the two rollers is preferably more than 1 .0 and not 
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more than 3.0. For f filiation to proceed efficiently the ratio is more preferably at least 1 .5. When the ratio exceeds 3.0, 
ACF tends to be br ken. When the ratio is too large ACF tends to be milled to sh rter lengths. 

The application of shear stress to the mixture is conducted until sufficient ffcrillati n of the PTFE is effected to 
thereby obtain the desired tensile strength and tensile elongation of the product In the present invention by applying 
shear stress to an appropriate extent an adsorption material having extremely high tensile strength and elongation can 
be obtained. By continuing application of the shear stress to the mixture, the tensile strength and tensile elongation of 
the material are gradually increased. However, after reaching a maximum tensile strength and tensile elongation, the 
strength and the elongation begin to gradually decrease due to cutting of f toils formed by the application of shear stress. 
The maximum tensile strength and the maximum elongation can be easily determined by conducting a series of exper- 
iments. 

In order to obtain the desired tensile strength and elongation, the shear stress should be applied until the tensile 
strength preferably becomes at least 5 g/mm 2 , more preferably 10 g/mm 2 , and most preferably at least 20 g/rnm 2 
According to the present invention an adsorption material having a tensile strength of about 500 g/mm 2 or higher can 
be obtained. The elongation increases with an increase in tensile strength. The tensile elongation is preferably at least 
about 10 %, more preferably at least 20 %, and most preferably at least 30 %. According to the present invention, as 
described below in detail, an adsorption material having tensile elongation of 60 % or more (as high as 70 %) can be 
obtained. 

After applying a shearing stress, for example, using a roll mill, the mixture in the form of a flaky material in which 
ACF are bound together with PTFE fibrils. The adsorption material of the present invention exhibits high elongation and 
good thermoplasticity even after the formation of fibrils. Generally, the f formation operation using a roll mill is conducted 
by repeatedly passing the flaky material through the roll mill about 5 times to about 1 0 times. 

The flaky material is then gathered and shaped, for example, into a sheet While not limiting, gathering of the flakes 
is usually conducted by piling the flakes and passing the pile through heated rolls at the same linear speed. 

The length distribution of the ACF shifts to a shorter length distribution range by application of compressive shear 
stress. The step of the application of shear stress to the mixture is preferably also used to control the ACF length distri- 
bution properly as described hereinbefore, as well as to obtain sufficient fibrillation, in order to obtain excellent tensile 
strength and tensile elongation. 

TTie thus obtained mixture is usually subjected to shaping using pressing rollers comprising at least two rollers hav- 
ing the same linear surface speed to obtain a sheet. Upon shaping in this manner, by the application of shear stress to 
the material, the tensile strength and the tensile elongation of the material can be further increased. The temperature 
uppon shaping is preferably from about 20 to about 320 °C, more preferably from about 50 to about 250 °C, and most 
preferably from about 80 to 200 °C. When the temperature is lower than 20 °C. plasticity of the material is not sufficient 
for shaping the material. On the other hand when the temperature is higher than 320 °C, PTFE fibrils tend to be cut. 
When the temperature of the material is 80 °C or higher, elongation of the material is high. From the point of view of 
easy operation, the most preferred temperature is from 80 °C to 200 °C is the most preferred temperature. 

Figs. 2 and 3 each shows an SEM photograph of the surface and the cross section of the adsorption sheet, respec- 
tively. It is seen that the sheet, though porous, constitutes a cluster of short fibers and therefore has a high packing den- 
sity. Such a sheeting structure is unique to the present invention, differing from conventional paper or resin film. 

In the production of the adsorption material in a form of a sheet, the orientation of ACF can be controlled by adjust- 
ing the direction of the application of compressive shear stress and/or the direction of the roll pressing. ACF tends to 
orient in the same direction with shear stress under these conditions. By processing in a single direction repeatedly, a 
sheet containing ACF highly oriented in one direction is obtained. On the other hand, by processing in various direc- 
tions, for example, two directions crossing at a right angle to one other, a sheet having randomly oriented ACF is 
obtained. When the sheet contains a larger content of ACF approximately oriented in a single direction, the tensile 
strength in that direction is larger than the tensile strength at a right angle direction thereto. On the other hand, the ten- 
sile elongation in the former direction is smaller than the tensile elongation in the latter direction. 

When the sheet contains ACF oriented at random, a sheet having a tensile strength in any direction that is higher 
than the tensile strength of the oriented sheet described above can be obtained, and a high tensile elongation in any 
direction can also be obtained. That is, in such a sheet the tensile strength and tensile elongation are high and uniform 
in alt directions which results in excellent processability. 

The thickness of the sheet can be controlled to a desired thickness. The thickness of the adsorption sheet is pref- 
erably from 1 to 0.1 mm from the point of view of processability, but it may be reduced to as little as 0.02 mm. 

The packing density of the adsorption material of the present invention can be controlled to a desired value. rt is 
preferably controlled to 0.3 to 1 .0 g/cm 3 , more preferably 0.4 to 1 .0 g/cm 3 , and most preferably 0.6 to 0.8 g/cm 3 . When 
the density is less than 0.3 g/cm 3 . it is difficult to obtain sufficient tensile strength and tensile elongation. On the other 
hand, when the density exceeds 1.0 g/cm 3 , the pressure drop increases. 

The sheet thus btained can be used as an adsorption sheet The sheet may be further fabricated into a desired 
shap for absorption of a specific gas, liquid r fine solid particles by cutting or punching, or shaping into a heneycomb 
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structura Since the adsorption material of the present invention has activities the same as that of conventional ACF, rt 
can be used as a catalyst for example, for decomposition of ozone or active chlorine such as Ct 2 or HC/O in tap water. 

When the adsorption material of the present invention is used for filtering a gas, the pressure drop can be reduced 
to less than 1,000 mmHgO, and may be reduced to 500 mmHgO or less. 

5 The adsorption material of the present invention may contain various additives. For example, carbonaceous con- 
ductive materials, such as graphite, carbon black, carbon f foer, and graphite fiber, are preferably used to impart chem- 
ical resistance to the material and for production of, for example, an electrode. The proportion of the conductive powder 
or carbon fiber to ACF is selected depending on the desired characteristics. Generally, the additives are used in an 
amount of not more than 80 wt%. more preferably not more than 50 wt% based on the total weight of ACF and the addi- 

10 tive. The powder or fiber preferably has an average particle size or fiber diameter of less than 50 urn. Powder or fiber of 
greater size would be too large, as compared to the length of the fibrils, to be sufficiently bound. 

In order to increase tensile elongation of the adsorption material of the present invention.compressive shear stress 
is effectively applied to the mixture of ACF and the PTFE in the presence of carbon powder. In some cases, for example, 
when the selection of the preparation conditions of the adsorption material are restricted, or when ACF length distribu- 

is tion which is proper for obtaining sufficient PTFE fibrillation can not be easily obtained (due to, for example, a compar- 
ative large length or diameter of ACF, or due to ACF characteristics such as tensile strength, tensile elongation, or 
brrttleness), it is difficult to form sufficient network structure of f fonts to obtain an adsorption material having a tensile 
elongation higher than 10 %. In such a case, however, by using carbon powder as described above a higher tensile 
elongation can be easily obtained. 

20 The particles of carbon powder preferably have an average size (the average size of major axis, i.e., the longer 
axis) of not greater than the fiber diameter of ACF constituting the adsorption material of the present invention for the 
following reason. As long as the particle size of carbon powder is less than the ACF fiber diameter, the carbon powder 
fills the gaps among ACF f foers to transmit a shear stress. This accelerates formation of PTFE fibrils among ACF f foers. 
Suitable carbon powders include powdered activated carbon, powdered graphite, and carbon black. In order to obtain 

25 a higher adsorbing ability, it is preferred to use activated carbon powder. It is also preferable to use ACF or carbon fiber 
having a fiber diameter of at least 2 jim and less than 50 jim, after grinding to a powder having a size smaller than the 
ACF fiber diameter. The average size of carbon powder is preferably from 0.1 to 20 jim and more preferably from 1 to 
1 0 fim. When the size is less than 0. 1 urn. the contact efficiency of the carbon particle with ACF is not sufficient, on the 
other hand, when the average size exceeds 50 urn, the tensile elongation tends to lower. The shape of the particles is 

30 preferably sphere, irregular or tabular. 

Rg. 4 shows a SEM photograph of the cross section of an adsorption sheet comprising ACF and a PTFE. The fiber 
indicated by arrow 1 is ACF. and the fine fibril indicated by arrow 3 is a PTFE fibril mutually entangling the ACF. 

Rg. 5 shows an SEM photograph of the cross section of an adsorption sheet obtained from an adsorption material 
containing ACF, a PTFE and carbon powder. In the sheet, ACF 1 , and carbon powder 2 are bound together with PTFE 

35 fibrils 3. In Rg. 5, further development of PTFE fibrils and denser binding of ACF via carbon particles is seen as com- 
pared to the adsorption sheet containing only ACF and a PTFE as shown in Fig. 4. It is also seen that the adsorption 
sheet of the present invention shown in Fig. 5 satisfactorily retains porosity by appropriately limiting the amount of car- 
bon powder. 

For comparison, an SEM photograph of the cross section of a conventional adsorption sheet comprising powdered 
40 activated carbon and PTFE fibrils is shown in Rg. 6. Rg. 6 shows that use of carbon powder alone results in structure 
in which carbon powder is densely packed. The resulting sheet has inferior porosity and lower gas permeability than the 
sheet containing ACF and carbon powder as shown in Fig. 5. 

A preferred amount of carbon powder in the adsorption material is from 5 to 50 wt% more preferably from 10 to 40 
wt%, and most preferably from 15 to 30 wt% based on the total weight of ACF and carbon powder. When the ratio is 
45 within this range, tensile elongation of the resulting adsorption sheet can be contrded to from 20 to 60 %. If the amount 
of carbon powder is less than 5 % by weight, a sufficient effect of improving elongation cannot be obtained. If the carbon 
powder exceeds 50 % by weight, high elongation can not be obtained, porosity tends to decrease, the packing density 
exceeds 1 g/cm 3 , and pressure drop becomes high. A suitable amount of f ibrillating PTFE (based on the total weight of 
the adsorption material) to be added is the same as described hereinabove for the adsorption material containing no 
so carbon powder. 

The adsorption material containing ACF and carbon powder can be prepared in the same manner as the adsorp- 
tion material described hereinbefore. 

Mixing of ACF, carbon powder and a PTFE can be conducted in any order, however, ACF and carbon powder are 
preferably mixed first. 

55 The packing density of the adsorption sheet as a final product can be adjusted by changing the fiber diameter and 
length distribution of ACF, the particle size and amount of carbon powder, and conditions of shear application and roll- 
ing. These conditions can be easily determined by carrying out experiments within th range of conditions described 
herein. An adsorption material containing carbon particles having an increased tensile elongation can be obtained 
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while retaining the aforesaid high tensile str ngth, proper packing density, and adsorption properties. Furthermore, 
since the tensile elongation of the adsorption material containing carbon powder has a high elongation, that is high 
plasticity, the product can easily be shaped into a sheet by r King. 

Since the adsorption sheet obtained by using carbon powder in the adsorption material of the present invention has 
a high elongation, even complicatedly shaped articles can be made so as to intimately contact with the surface of equip- 
ment. Furthermore, the freedom in fitting increased. Additionally, since the adsorption sheet has a higher elongation it 
is not broken when bent to 90° or more. Thus, the desired shape can be obtained by bending like paper. 

As mentioned above, the adsorption sheet according to the present invention has excellent productivity and han- 
dling properties, achieving high strength and high elongation not heretofore attained high adsorptivity and gas perme- 
ability. 

The adsorption material of the present invention can also be molded into forms other than a sheet. The material 
may be hot-pressed in a mold into a shaped article. The temperature for the hot-press is preferably from 80 to 320 °C, 
more preferably from 80 to 200 °C. In this case, the material may be fed to a mold by means of an extruder, or by lam- 
inating plural sheets punched out of sheeting. The material may be fed in the form of pellets. The material may be 
molded into any shape, such as tablets, honeycomb structures or cylinders. It is also possible to obtain string, piping, 
tape, etc. by using an extruder. A material may be shaped into f brous material and may be further entangled together 
to be shaped like a ball of fluff. 

Because the surface of ACF is substantially uncovered, a high level of adsorption activity is maintained. Because 
it is porous, the adsorption material of this invention has good permeability to gas and liquid and high adsorptivity within 
a small of the material volume. The adsorption material also has a smooth surface. The adsorption material of the 
present invention has excellent processability. and is easily formed into a thin film or a very small piece. The shaped 
articles are soft and tightly fit into a housing. Adsorbents obtained from the adsorption material of the present invention 
are excellent in heat resistance and chemical resistance. Furthermore, an adsorbent obtained by using the molding 
material of the present invention hardly suffers from fall-off of ACF or production of black dust, and is a comfortable to 
be touch. 

Accordingly, the absorption material of the present invention is advantageous for use in electronic equipment 
requiring high performance and reduced size. The adsorption element is useful as an adsorbent for protecting an elec- 
trical circuit, by placing the adsorbent inside electrical equipment to adsorb and block outside corrosive components. 
Such an adsorbent can be used with safety because black dust is not generated (the electically conductive dust may 
adhere to an electrical circuit to cause a short-circuit). 

The adsorption material of the present invention (especially in the form of a sheet) may be covered with a mem- 
brane filter preferably having a pore size of not greater than 3 jim. 

Adoption of the above-described constitution makes it possible to provide a compact and high-performance 
adsorbing element particularly suitable for use in electrical equipment. Because the activated carbon fibers are inti- 
mately bound together with PTFE fibrils, the adsorption sheet hardly produces dust or releases fibers and is therefore 
suitable as an adsorbing element for housing in electrical equipment. Accordingly, the labor for sealing of an element 
are for process control can be reduced. 

Pollutants which can be removed by the adsorption material of the present invention mainly include corrosive gases 
in air, such as SO x , NO x , hydrogen sulfide, and ammonia and, in addition, inorganic acidic gas, such as chlorine gas, 
organic adds such as carboxylic acids, hydrocarbons, and ozone. Other substances which can be removed by adsorp- 
tion or decomposition with general activated carbon can also be removed. 

Specific examples of the adsorbing element for an electrical equipment according to the present invention are 
shown in Figs. 7, 8, and 9. Fig. 10 is an example of a cylindrical adsorbing element for placing inside electrical equip- 
ment. Each of these adsorbing elements for placing inside electrical equipment is prepared by adhering porous filter 
membrane 5 onto one or both sides of adsorption sheet 4 by pressing, followed by punching to obtain a disk. Punching 
of adsorption sheet 4 may be followed by adhesion of filter membrane 5. Adsorption sheet 4 thus sealed with filter mem- 
brane 5 is then fitted into case 6. 

It is preferable to seal the periphery of adsorption sheet 4 by bringing it into intimate contact with the case by means 
of an adhesive or gasket 7. Sealing may also be effected simply by applying an adhesive, adhering using double-coated 
adhesive tape, fusing a resin ring, or welding upper and lower filters membrane 5 adhered on both sides of adsorption 
sheet 4 as shown by 8 in Fig. 9. 

The pore size of filter membrane 5 which can be used in each adsorbing element is preferably not greater than the 
fiber diameter of activated carbon fiber. In this manner, the activated carbon fiber of adsorption sheet 4, even if it falls 
off, may not pass therethrough. To this end, the pore size is preferably not greater than 3 \im. Materials for filter mam- 
brane 5 preferably include cellulose, nitrocellulose, cellulose acetate, polystyrene, polyethylene, acrylonitrile and PTFE. 
These materials are suitable for providing a filter membrane having uniform pores of 3 juti or smaller. In particular. 
PTFE is preferred for its fineness and uniformity of pores, high mechanical strength, and high chemical resistance. 
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Examples 

Various characteristics described in the following Examples of the present invention were measured according to 
the methods described below. 

In the present invention the length distribution of milled ACF is measured by using a method for measuring the dis- 
tribution of the particle size by a light-scattering method using a laser light. The size distrfeution of ACF based on the 
mass or volume is obtained assuming the shape of the ACF particles (milled ACF) as a sphere. Since ACF particles 
have a definite density, the distribution patterns are the same independent of whether the measurments are conducted 
based on mass or volume. 

The measurement is conducted by uniformly dispersing milled ACF into an aqueous solution of 0.1 wt% sodium 
hexametaphosphate while preventing orientation of ACF in water. 

The size measured as described above is an average of the diameters and the actual lengths of ACF. Therefore 
the actual length distribution of ACF is present at a longer length range than the value obtained by measuring this fea- 
ture as seen in the SEM photographs of Fig. 2. 

Since it is impossible to determine the actual length distribution of milled ACF accurately, the length in the present 
invention is measured by the aboveKJescribed technique which is most widely used in this field for the determination of 
particle size distribution. Many apparatuses preferably used for measurement of particle size are commercially avaira- 
ble. and the average size of milled ACF can be obtained in good repeatability using such an apparatus. 

In the present invention, a model LA-500 laser diffraction-scattering measurment apparatus available from Horiba 
Co.. Ltd. was used to measure the length of milled ACF. 

The size distribution of ACF having 0.1 to 200 jim was obtained, and then the rate of the amount of ACF having a 
ratio UD z 3 to the total amount of ACF was calculated. 

The length of ACF contained in an adsorption sheet obtained from an adsorption material was measured after 
removing PTFE from the sheet by heating the sheet at 600 to 800 °C for one hour in a nitrogen atmosphere to decom- 
pose PTFE. 

The average lengths of ACF used as a starting material in Examples were determined visually using a microscope 
The amounts of the ACF having a ratio of LTD * 3 in the ACF used as a starting material were at least 60 wt% 

(measured by the light scattering method described above). 

The diameter of ACF can be controlled by selecting the diameter of a starting material such as polyacrylonitrile fiber 

for production of ACF. The average diameter is uniform in ACF and it can be measured from a SEM photograph of a 

cross section of ACF. 

Tensile Strength 

An adsorption sheet was cut into a 2.5 cm wide and 10 cm long strip. Tensile strength of the strip was measured 
with a tensile tester (TENSILON-UTM III, manufactured by Toyo Sokuki Co., Ltd.) at a pulling speed of 3 cm/min 

The strength (g) was divided by the cross area of the sheet to obtain a tensile strength (g/mm 2 ). The tensile elon- 
gation was represented by percentage of the elongated maximum length at which the sheet is broken based on the 
original length of the sheet. These teste were conducted in the same direction as the rolling direction and at a direction 
at right angle thereto. 

The largest value of the mechanical strength obtained by measuring with respect to various directions is selected 
and shown in Examples. 

Specific Surface Area 

Specific surface area was measured in accordance to a BET equation based on nitrogen adsorption. 
Toluene Saturation Adsorption 

This parameter was measured in accordance with the activated carbon test method of JIS K-1474. Toluene con- 
centration: 1/10 saturation; weight of specimen: 2,5 g; measuring temperature: 25°C. 

Saturated Water Content 

An adsorption sheet was left to stand in a desiccator kept at 25*C and 80% RH, and the water content was meas- 
ured. The water content in the material is shown based on the total weight of the material dried at 120 °C for 2 hours. 
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Pressure Drop 



A disc having a diameter of 25 mm and thickness of 0.2 mm was punched out from an adsorption sheet and put in 
a filter holder. Dry air was passed therethrough at a flow rate of 0.2 lit/min (except in Example 9 wherein it was 20 
rntfmin.) to measure the pressure drop. 

In the present invention and Examples (except Example 1 1) the direction of the application of compressive shear 
stress were at random, and the press rolling was conducted in one direction in Examples. 

Example 1 



Rnegard FC300 (PAN type ACF produced by Toho Rayon Co., Ltd.; average ftoer diameter: 8 pm; specific surface 
area: 890 rrVVg) was ground to form milled fiber having an average fiber length of 150 urn by means of a Henschel 
mixer(a mixer having rotating blades). In a container was placed 95 parts by weight of the milled fiber, and 300 parts by 
weight of water was added to make a slurry. To the slurry was added 5 part by weight, in terms of PTFE, of Teflon K20- 
J (30 wt% PTFE aqueous suspension produced by Du Pont-Mitsui Fluorochemicals Co., Ltd.; average particle size- 0 2 
urn), followed by stirring well at room temperature. 

The resulting mixture was dried at 120°C to reduce the water content to less than 10 wt%. The dried mixture was 
passed through a biaxial roll mill having a roll diameter of 30 cm kept at 120°C to apply a shear stress. The rotation 
number of each roller was 14 rpm and 28 rpm, respectively, and the nip of rollers was 0.1 mm (12.5 times the diameter 
of ACF). After passing through the roll mill the mixture became a flaky material. The material was passed through the 
roll mill seven times to obtain a sheet 

The resulting material was rolled with an even speed ( 1 rpm) roll having a roll diameter of 30 cm and a nip of 0.5 
mm. and kept at 1 20°C to obtain a sheet having a thickness of about 1 mm. The sheet was further passed through the 
roll repeatedly to obtain a sheet having a thickness of 0.2 mm by narrowing the nip gradually from 0.5 to 0.1 mm. 

The thus obtained adsorption material contained 5 wt% of PTFE and the amount of ACF having a ratio UD ^ 3 was 
41 wt%. 

The adsorption sheet thus was evaluated as described above, the results of which are set forth in Table 1 below. 



Tablet 



Characteristics 


Adsorption Sheet 


ACF* 


Specific surface area (rrf/g) 


840 


890 


Toluene adsorption (wt%) 


30 


32 


Saturated water adsorption (wt%) 


32 


36 


Tensile strength (g/mm 2 ) 


20 




Tensile elongation (%) 


60 




Pressure drop (mmH 2 0) 


95 




Packing density (g/cm 3 ) 


0.70 





Note *: Measured value of ACF used as a raw material. 



It is seen from Table 1 that the adsorption sheet made of the material of Example 1 manifests adsorptrvrty extremely 
close to that of ACF used as a raw material. The thickness of the sheet could be reduced to 0.05 mm by continuing the 
roll pressing because the sheet had a high tensile strength and a high tensile elongation. 

Fig. 2 is a SEM photograph of the surface of the adsorption sheet obtained in Example 1 , and Fig. 3 is a SEM pho- 
tograph of the cross section of the adsorption sheet. 

Example 2 

Example 2 relates to an adsorption sheet prepared from a adsorption material comprising ACF and a varied pro- 
portion of PTFE. 

Various adsorption sheets were prepared using the procedure of Example 1. and the sheet characteristics were 
evaluated as described above. The results obtained are shown in Table 2 below. 



10 



EP 0 661 094 B1 



Tables 



5 


Run No. 


PTFE 
Content 
(wt%) 


Specific Surface 
Areafrrf/g) 


Tensile 
Strength 
(g/mrri 2 ) 


Tensile 
Elongation 
(%) 


Packing 
Density 
(g/cm 3 ) 


Pressure 

Drop 
(mmH 2 0) 


UD(wt%) 








oneet 


AUr 












10 


1 


0.5 


880 


880 


1 


5 


0.35 


10 


31 


2 


1.0 


880 


890 


4 


10 


0.50 


30 


35 




3 


2.0 


860 


880 


10 


60 


0.65 


70 


41 




4 


5.0 


840 


880 


20 


60 


0.70 


95 


45 


15 


5 


10.0 


780 


870 


80 


65 


0.75 


200 


47 




6 


20.0 


680 


850 


300 


67 


0.85 


480 


48 




7 


50.0 


430 


860 


1200 


65 


0.95 


more than 
500 


50 


20 


8 


ACF used 
as a raw 
material 




890 













25 It is seen from Table 2 that the adsorption sheet of the present invention exhibits excellent properties. The adsorp- 
trvity of the adsorption sheet decreases as the PTFE content increases. This is because the ACF content relatively 
decreases. Therefore, adsorptrvrty is converted to a value per 100% ACF content it is seen that the reduction in per- 
formance as ACF is slight in every case. Thus, the adsorption sheet of the present invention retains a satisfactory level 
of ACF activity even if the PTFE content is increased. This indicates that the added PTFE does not cover the surface 

30 of ACF. Consequently, there is virtually no change in adsorptivity of ACF, as explained above with reference to Fig. 1 , 
the SEM photograph of the adsorption material of the present invention. 

Furthermore, the adsorption sheet had excellent handling properties, and generated a very small amount of black 
dust. 

35 Example 3 

This experiment was conducted in order to show adsorption performance of the adsorption sheet of the present 
invention in a liquid phase. 

Finegard FC510 (PAN type ACF produced by Toho Rayon Co., Ltd.; average fiber diameter: 5 jim; specific surface 
40 area 1400 rtf/g) was ground to form milled fiber having an average fiber length of 150 urn by means of a Henschel 
mixer. Two sheets having a PTFE content of 2 wt%, a thickness of 0.2 mm and 0.4 mm were obtained in the same man- 
ner as in Example 1 . 

A disk having a diameter of 2.5 cm punched out from the sheet having a thickness of 0.4 mm was placed in a filter 
holder. 100 m/ of a 300 ppm methylene blue solution (pH was adjusted to 7 using a phosphoric acid buffer solution) was 
45 passed through the sheet at a speed of 1 mZ/min. The adsorption amount of the methylene blue was obtained by meas- 
uring the concentration of the solution before and after passing through the sheet. The adsorption amount of vitamine 
B12 (cyanocobalamine) was also measured in the same manner as methylene blue. 

For comparison, the same tests as described above were conducted using Fine Guard FC510 packed in a column. 

The results thus obtained and other characteristics of these absorbents are shown in Table 3. 

50 
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Table 3 



Characteristics 


Adsorbent 




Sheet 


Raw ACF 


Specific Surface Area (rrfrg) 


1300 


1400 


Adsorption Amount of Methylene Blue (mg/g) 


130 


190 


Adsorption Amount of Vitamin B12 (mg/g) 


140 


220 


Tensile Strength (g/mm 2 ) 


20 




Tensile Elongation (%) 


60 




Packing Density (g/cm 3 ) 


0.50 




Pressure Drop (mmH 2 0) 


450 




Amount of ACF of L/D ^ 3 (wt%) 


48 






Invention 


Comparison 



Remarks 

From the results shown in Table 3, it is seen that the adsorption sheet of the present invention has excellent per- 
formance in a liquid phase. 

Example 4 

Finegard FC400 (PAN type ACF produced by Toho Rayon Co.. Ltd.; average ffoer diameter: 7 nm; specific surface 
area: 1000 nf/g) was ground to form milled fiber having an average fiber length of 0.1 mm by means of a Henschel 
mixer (a mixer having rotating blades). In a container was placed 80 parts by weight of the milled fiber, and 300 parts 
by weight of water was added to make a paste. To the paste was added 20 part by weight, in terms of PTFE, of Teflon 
K20-J (30 wt% PTFE aqueous suspension produced by Du Pont-Mitsui Fluorochemicals Co., Ltd.; average particle 
size: 0.2 \xm), followed by stirring well at room temperature. 

The resulting mixture was dried at 120°C until the water content in the mixture was reduced to less than 10 wt%. 
The dried mixture was passed through a biaxial roll mill having a diameter of 30 cm kept at 120°C to apply a shear 
stress. The rotation number of each roller was 14 rpm and 28 rpm, respectively, and the nip was 0.1 mm. The mixture 
was passed through these rollers seven times to obtain a sheet-like flaky material. 

The resulting flaky material was collected and rolled with a pair of rollers (having a diameter of 30 cm and each 
rotating at 1 rpm) kept at 120°C into a sheet having a thickness of about 1 mm. The obtained sheet was further rolled 
at 120 °C using rollers rotating at the same speed to obtain a sheet having a thickness of 0.3 mm. This sheet contained 
20 wt% of PTFE and had a packing density of 0.85 g/cm 3 . 

Two sheets each having 15 mm width were cut out from the thus obtained sheet. To one of them was applied pleats. 
The processed sheet and the other sheet were adhered by pressing at 120 °C to obtain a honycomb adsorbent as 
shown in Fig. 1 1 . 

1 .5 g of honycomb sheet was wind up spirally and packed into a stainless steal column having an inside diameter 
of 22 mm. 

A gas containing S0 2 which is a typical air polluting material was passed through the column at a speed of 1 //min 
in a direction parallel with the direction of honeycomb (the length of the sheet in this direction was 1 5 mm). The pressure 
loss was not more than 10 mmH 2 0. The gas was air containing 50 ppm of S0 2 (RH 50 %, 25 °C). The S0 2 concentra- 
tion was continuously measured using an automatic infrared analyzer. The S0 2 concentration at the exit of the column 
immediately after beginning the test was 0 ppm. This is due to the rapid adsorption speed characteristic to ACF. Ten 
hours after the beginning the test S0 2 started to leak through. The adsorption amount until the start of leakage was 
5.7 wt% based on the weight of the adsorption sheet. This value is higher than that of an adsorption sheet made from 
conventional activated carbon powder instead of ACF. 

Example 5 

Finegard FC 410 (acrylic type activated carbon fiber produced by Toho Rayon Co., Ltd.; average fiber diameter: 6 
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]im\ specific surface area: 1 100 rrfrg) was ground to milled ftoer having an average fiber length of 0.2 mm by means of 
a Henschel mixer. Using this milled ACF, Sh et A was obtained in the same manner and apparatus as in Example 1 . 

Subsequently. Adsorption Sheets B, C, D, and E having different PTFE contents were obtained in the same manner 
as Adsorption Sheet A, except for changing the PTFE content. 

Adsorption Sheet F having a PTFE content of 5 % by weight was obtained in the same manner as Adsorption Sheet 
A. except for using Tokusen Shirasagi (powdered activated carbon produced by Takeda Chemical Industries, Ltd.; spe- 
cific surface area: 1000 m 2 /g) having an average particle size of 10 \im. 

For comparison, fabric of Finegard FW410 (produced by Toho Rayon Co.. Ltd.; average ftoer diameter: 6 urn; spe- 
cific surface area: 1 100 rrf/g) was prepared. Characteristics of the resulting Sheets A to F and fabric (FW410) are 
shown in Table 4. 



Table 4 



Form of 
Adsorbent 


Sample 


Ratio of 
PTFE 
Added 
(wt%) 


UD>3 
(wt%) 


Thickness 
(mm) 


Packing 
Density 
(g/cm 3 ) 


Pressure 

Drop 
(mmhkO) 


Tensile 
Strength 

(g) 


Remark 


Activated 
Carbon 
Fiber Fab- 


FW410 






2.0 


0.2 


10 or less 


200 


Compari- 
son 


ric 


















Adsorp- 
tion Sheet: 


















Using acti- 
vated car- 
bon fiber 


B 

C 


1 
2 


33 
44 


0.2 
0.2 


0.4 
0.5 


27 
70 


21 
60 


Invention 
Invention 




A 


5 


45 


0.2 


0.6 


95 


200 


Invention 




D 


10 


48 


0.2 


0.7 


210 


500 


Invention 




E 


20 


48 


0.2 


0.7 


360 


950 


Invention 


Using 

powdered 

activated 


F 


5 




0.2 


1.1 


more than 
500 


92 


Compari- 
son 


carbon 



















As shown in Table 4. Adsorption Sheets A to E of the present invention each had a higher packing density than that 
of comparative fabric (FW410). indicating a high volumetric efficiency. Tensile strength of these sheets reached a prac- 
tically useful level at a PTFE content of 2 % by weight and becomes equal or superior to the comparative fabric (FW41 0) 
at a PTFE content of 5 % by weight or more. 

With respect to pressure drop, the Adsorption Sheets A to E of the present invention each were acceptable, 
whereas the comparative Adsorption Sheet F using powdered activated carbon resulted a markedly higher pressure 
drop and was unsuitable for practical use. 

Example 6 

Disks having a diameter of 25 mm were punched out from each of the Adsorption Sheet A, C and D prepared in 
Example 5 and the fabric (FW410). and these disks were fitted into a filter case. Air containing 50 ppm by volume of 
surfurous acid gas (SO2) and having a relative humidity of 50 % was passed through the disk adsorbent. The length of 
time required for S0 2 to begin to leak was measured, and the S0 2 adsorption of the disk until S0 2 began to leak was 
measured. In the same manner, nitrogen monoxide (NO) adsorption, hydrogen sulfide (H2S) adsorption and ammonia 
(NH3) adsorption were measured. Furthermore, a saturation adsorption in toluene having a 1/10 saturation was meas- 
ured in accordance with JIS-K-1474. The results obtained are shown in Table 5. 
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Table 5 



Sample 


Ratio of 
PTFE 
Added 
(wt%) 


Specific 
Surface 
Area 
(n^/g) 


Adsorption 

(mg/g) 


NO 
Adsorp- 
tion (mg/g) 


Adsorption 

(mg/g) 


MU 

Adsorption 

(mg/g) 


Toluene 
Satura- 
tion 
Adsorp- 
tion (%) 


Remark 


FW410 




1100 


25 


0.50 


85 


1.5 


39 


Compari- 
son 


C 


2 


920 


21 


0.48 


81 


1.3 


33 


Invention 


A 


5 


850 


18 


0.42 


79 


1.2 


31 


Invention 


D 


10 


760 


15 


0.35 


73 


1.1 


27 


Invention 



Table 5 shows that the Adsorption Sheets A, C and D of the present invention exhibited high adsorption for corro- 
sive substances, such as S0 2 , NO, H 2 S, and HN3, and organic solvents, such as toluene, to thereby prove excellent 
performance to removing various pollutants from the air. When compared with fabric made of activated carbon fiber 
(FW410), any of the adsorption sheets of the present invention was shown to maintain satisfactory adsorptivity. 

Example 7 



A disk having a diameter of 25 mm was punched out from each of Adsorption Sheets A to E prepared in Example 
6 and the fabric (FW410). Thirty disks per sample were stirred in water containing 0.01 % by weight of sodium alkyldo- 
decylbenzenesurfonate as a surfactant for 30 minutes at 100 rpm. After stirring, the aqueous solution was evaporated 
to dryness, and the amount of the released activated carbon fiber (the amount of black dust produced) was measured 
(no membrane filter). 

Then, a disk having a diameter of 25 mm was punched out from each of the Adsorption Sheets A to E prepared in 
Example 8 and the fabric (FW410). The disk was sandwiched between a pair of PTFE-made membrane filters (pro- 
duced by Toyo Roshi Co., Ltd.), and the periphery of the disk was sealed by fusing with a thermoplastic resin ring to 
obtain an adsorption element Two kinds of membrane filters, one having a pore size of 0.2 \im and the other 1 jim, were 
used above to prepare two kinds of adsorption elements per sample. Furthermore, an adsorption element was pre- 
pared by using nitrocellulose-made membrane filters having a pore size of 3 |im (produced by Toyo Roshi Co., Ltd.) or 
polyester -cellulose acetate-made membrane filters having a pore size of 10 m (produced by Toyo Roshi Co.. Ltd.). 

Thirty adsorption elements thus obtained per sample were stirred in water containing 0.01 % by weight of a sodium 
alkyldodecylbenzenesulfonate as a surfactant for 30 minutes. After stirring, the aqueous solution was evaporated to 
dryness, and the amount of the released activated carbon fiber (the amount of black dust produced) was measured 
The results obtained are shown in Table 6 below. 
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Table 6 



Sample 


Ratio of 
PTFE Added 
(wt%) 


Amount of Black Oust Produced (mg/g) 


Sheet Tensile 
Strength 
(g/mnr) 


Remark 






Without Mem- 
brane Fitter 


Pore Size of Membrane Fitter 












0.2 jim 


1 jim 


3 Jim 


10 jim 






FW410 




3.9 


£0.1 


0.2 


0.4 


1.5 




Comparison 


B 


1 


3.5 


£0.1 


0.2 


0.4 


1.6 


4.2 


Invention 


C 


2 


0.9 


£0.1 


£0.1 


£0.1 


0.5 


12.0 


Invention 


A 


5 


0.5 


£0.1 


£0.1 


£0.1 


0.2 


40.0 


Invention 


D 


10 


0.3 


£0.1 


£0.1 


£0.1 


£0.1 


100.0 


Invention 


E 


20 


0.3 


£0.1 


£0.1 


£0.1 


£0.1 


190.0 


Invention 



As shown in Table 6, the adsorption sheets of the present invention, having a tensile strength of not less than 5 
g/mnr^-sectional area and a PTFE content of not less than 2 % by weight, generated a reduced amount of black dust 
and were easy to handle even without a membrane filter. Thus the adsorption material of the present invention is advan- 
tageously used in electrical equipment It is also seen that the adsorption elements prepared by using a mambrane filter 
having a pore size of 3 jim or smaller are substantially dust-free and are also suitable for use in electrical equipment 



Example 3 

Each of the adsorption elements obtained in Example 7 (prepared from Sample A) and the fabric (FW410) was 
allowed to stand in a 4 /-volume airtight bag containing air having an S0 2 concentration of 50 ppm and a relative humid- 
ity of 50 %. The length of time required for the S0 2 concentration to be reduced to 5 ppm or less was measured. The 
results obtained are shown in Table 7 below. 



Table 7 



Sample 


Ratio of 
PTFE 
Added 
(wt%) 


Specrfic 
Surface 
Area 
(rrfrg) 




Adsorbent 


Packing 
Density 
(g/cm 3 ) 


Pore Size 
of PTFE 
Mem- 
brane Fil- 


Requisite 
Time for 

S0 2 
Removal 


Remark 
















ter (jim) 


(hr) 










Form 


Diame- 
ter (mm) 


Thick- 
ness 
(mm) 










FW410 




1100 


fabric 


25 


2.0 


0.2 


0.2 


1.0 


Compari- 
son 


A 


5 


850 


sheet 


25 


0.2 


0.6 


0.2 


1.1 


Invention 



As shown in Table 7. the adsorption element using the adsorption sheet of the present invention is capable of 
adsorbing and removing S0 2 as rapidly as a comparative fabric adsorbent comprising activated carbon fiber (FW410) 
and also has a smaller size (only 1/10 time the thickness of the fabric adsorbent). 



Example 9 

Example 9 relates to adsorption sheets produced by varying the amount of carbon powder. 
Finegard FC410 (acrylic type activated carbon ftoer produced by Toho Rayon Co.. Ltd.; averag fiber diameter: 6 
jim; specific surface area: 1 100 rrr^/g) having been ground to milled fiber having an average fiber length of 0.2 mm by 
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means of a Henschel mixer was used as ACF. Shirasagi RM (powdered activated carbon produced by Takeda Chemical 
industries, Ltd.; specific surface area: 1000 rrftg) having been gr und in a ball mill to regulat its average particle size 
to 4 jim was used as a carbon powder. Teflon K20-J (aqueous dispersion produced by Du Pont-Mitsui Ruorochemicals 
Co., Ltd.; average particle size: 0.2 jim) was used as a fibrillating PTFE. 

A weight amount of ACF (milled fiber of FC410). a weight amount of carbon powder (powder of Shirasagi RM), and 
mixtures of ACF and carbon powder at various mixing ratios were prepared as raw materials. 

To 95 parts by weight of each raw material were added 200 parts of water and 5 parts, in terms of PTFE. of Tef ton 
K20nJ, followed by completely mixing to prepare a slurry at room temperature. The slurry was spread over a stainless 
steel vat and dried at 1 20 °C to a water content of 1 0 % by weight. 

The dried mixture was fed to a roll mill heated at 120 °C to apply a shear stress. The roll mill comprised two rolls. 
The rotation number of one of the rolls was 25 rpm, and that of the other roll was 50 rpm. The roll nip was 0.1 mm. The 
mixture became a flaky material after passing through the roll mill. The flaky material was passed through the roll mill 
5 times until the surface became smooth, to thereby to accelerate fibrillation of PTFE. 

The resulting flakes of material were gathered in piles and passed through a pair of even speed rolls (5 rpm) heated 
at 120 °C to obtain 1 mm thick sheeting for an adsorption sheet. The sheet was rolled out to a small thickness by suc- 
cessively passing through a plurality of pairs of even speed rolls under heat at 120 °C wfth the roll nip stepwise decreas- 
ing to finally obtain a 0.2 mm thick sheet having a PTFE content of 5 % by weight. The resulting adsorbent sheet had a 
specific surface area ranging from 850 to 950 nrr^/g. indicating satisfactory retention of adsorptivity. 

The tensile strength, elongation, pressure drops (flow rate of air was 20 m/ymin.), and packing density of each 
adsorption sheet were measured to examine the relation to the mixing ratio of ACF and carbon powder. The results are 
shown in Figs. 12 and 13. 

It is seen from Fig. 12 that the elongation reaches about 60 %, the maximum, at 20 % by weight of carbon powder. 
Furthermore, a high elongation of not less than 20 % and a practically sufficient strength of not less than 5 g/mm 2 is 
obtained at 5 to 50 % by weight of carbon powder as specified in the present invention. At a carbon powder content 
exceeding 50 % by weight, the elongation tends to decrease. 

It is seen from Fig. 13 that as the packing density exceeds 1 g/cm 3 , the pressure drop steeply increases. Further- 
more, the sheet is no longer suitable for practical use at a carbon powder content out of the range of from 5 to 50 % by 
weight as specified in the present invention. 

When the carbon powder content is within the range of from 5 to 50 % by weight, a high elongation and a low pres- 
sure drop are obtained. 

Example 10 

Example 10 relates to adsorption sheets prepared by varying the amount of PTFE based on the mixture of ACF 
and carbon powder. 

In the same manner as in Example 9, a mixture of ACF (milled fiber of FC41 0) and 20 % by weight of carbon pow- 
der (powder of Shirasagi RM) was prepared as a starting material. 

Adsorption Sheets were prepared in the same manner as in Example 9, except for varying the amount of added 
PTFE. The strength and elongation of the resulting sheets were measured. The results obtained are shown in Fig. 14. 

It is seen from Fig. 1 4 that the adsorption sheet of the present invention containing 20 % by weight of carbon pow- 
der based on total weight of ACF and carbon powder exhibited excellent characteristics of not less than 5 g/mm 2 in 
strength and not less than 20 % in elongation in the presence of 2 % by weight or more of PTFE. 

Example 11 

Sheets G, H, I and J were obtained in the same manner as in Example 1, except that PTFE was used in the 
amounts shown in Table 8 and compressive shear stress was applied in one direction during all steps by passing the 
mixture through rollers in one direction. 

Sheet K was obtained in the same manner as Sheet H, except that the press rolling was conducted in two directions 
alternately crossing at right angles to each other. 

The ACF orientations of Sheets G, H, I and J are approximately unidirectional. A microphotograph of the surface of 
Sample H is shown in Fig. 15. By a visual measurement using a microphotograph of the surface of each sheet the 
number of ACF having a direction within ± 45° with respect to the direction of the press rolling was found to be 82 %. 

The ACF orientation of Sheet K was at random as shown in Fig. 16 which is a microphotograph of the surface of 
the sheet. According to the visual test described above, the number of ACF oriented to the direction within ± 45° with 
respect to the direction of press rolling was about 60 %. 

Mechanical properties of the sheets thus prepared are shown in Table 8. 
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Table 8 



Sample 


G 


H 


I 


J 


K 


PTFE Content (wt%) 


2 


5 


10 


20 


5 


Rolling Directions 


same direction 


same direction 


same direction 


same direction 


at an angle of 90° 


Tensile Strength 
(g/mm 2 ) 












Rolling Direction 


13 


27 


101 


300 


52 


At 90° to Rolling 
Direction 


4 


9 


25 


80 


59 


Tensile Elongation 
{%) 












Rolling Direction 


10 


10 


10 


10 


60 


At 90° to Rolling 
Direction 


68 


58 


53 


67 


40 



As shown above, the adsorption material of the present invention has the following excellent characteristics. 



(1) The sheet adsorbent of the present invention has a high tensile strength because it has a network structure in 
which fibers of ACF are intimately bound together with fibrils of PTFE. This effect is accelarated by addition of car- 
bon powder. 

The adsorption material of the present invention has high elongation and high softness not heretofore attained. 
This characteristics can be more effectively obtained when carbon particles are used in the material. Therefore, 
when placed in a small container, the adsorption material of the present invention intimately contacts the container 
with large freedom in shaping and strength on deformation to provide an article having high performance not here- 
tofore achieved. 

(2) The adsorption material of the present invention, while soft, may be provided with a high strength of not less 
than 5 g/mm 2 , which is sufficient for practical use. 

(3) The adsorption material of the present invention retains high adsorptivrty of ACF and exhibits high gas perme- 
ability due to fibrous ACF and is therefore advantageous for adsorption. 

(4) The packing density of the adsorption material of the present invention can be controlled to from 0.4 to 1.0 
g/cm 3 , which is higher than that of a conventional paper-like or felt-like molded article, while retaining high gas per- 
meability and is therefore excellent in volumetric efficiency. 

As mentioned above, the adsorption material of the present invention not only retains high adsorptivity and gas per- 
meability but exhibits excellent volumetric efficiency because of a moderate density with a very small thickness. Accord- 
ingly, it is suitable as a very thin type adsorbent to be fixed inside electrical equipment, or as an electrode for an 
electrical double layer condenser, an electode of batteries, such as lithium batteries, as it is, or as a keep-fresh material. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the scope of the appended claims. 

Claims 

1 . An adsorption material comprising milled activated carbon fiber bound together by f torils of a polytetraf luoroethyl- 
ene resin obtainable by: 

(i) mixing milled activated carbon fiber and polytetraf luoroethylene resin particles, and then 

(ii) applying compressive shear stress to the mixture to f ibrillate the polytetraf luoroethylene resin particles. 

2. An adsorption material according to Claim 1, wherein the average fiber diameter of the activated carbon fiber is 
from 2 to 50 jim. 
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3. An adsorption material according to Claim 1 r Claim 2. wherein the content of activated carbon f ber having a ratio 
of the length of the activated carbon fiber measured by a laser light scattering technique to the average diameter 
of the activated carbon fiber of not less than 3 is at least 20 wt% 

based on the total amount of activated carbon fiber contained in the adsorption material. 

4. An adsorption material according to any of Claims 1 -3, wherein the amount of the polytetraf luoroethylene resin con- 
tained in the adsorption material is from 0.5 to 50 wt% based on the total weight of the adsorption material. 

5. An adsorption material accorcfing to any preceding Claim, wherein the adsorption material further comprises car- 
bon powder having an average size that is not greater than the average fiber diameter of the activated carbon ftoer. 

6. An adsorption material accorcfing to any preceding Claim, wherein the adsorption material further comprises car- 
bon powder in an amount of from 5 to 50 wt% based on the total weight of the activated carbon fiber and the carbon 
powder. 

7. An adsorption material according to any preceding Claim, wherein the adsorption material is in a form of a sheet. 

8. An adsorption material according to Claim 7, wherein the adsorption material is in a form of a sheet having a tensile 
strength of at least 5 g/mm 2 and a tensile elongation of at least 10%. 

9. An adsorption material according to any preceding Claim, wherein the adsorption material has a packing density 
of from 0.3 - 1.0g/cm 3 . 

10. An adsorption material according to any preceding Claim, wherein the activated carbon fiber in the adsorption 
material has a specific surface area of not less than 400 m 2 /g. 

1 1 . An adsorption material according to any of Claims 7-1 0, wherein the adsorption material is in a form of a sheet and 
the activated carbon fiber contained in the sheet is randomly oriented. 

1 2. An adsorption material accorcfing to any of Claims 7-1 0, wherein the adsorption material is in a form of a sheet and 
the activated carbon fiber is mainly oriented in a single direction. 

13. An adsorption material according to Claim 1 , wherein fibrils have a diameter of not more than 1 jim. 

14. An adsorption material according to Claim 1 , wherein the polytetraf luoroethylene particles are obtainable by emul- 
sion polymerization. 

1 5. An adsorption material according to Claim 1 , wherein the length of each of the activated carbon fiber in the adsorp- 
tion material is within the range of from 10 to 1,000 nm. 

16. An adsorption material according to Claim 3, wherein the content of activated carbon fiber having said ratio is 20 
to80wt%. 

17. A method for manufacturing an adsorption material, which comprises mixing milled activated carbon fiber and pol- 
ytetrafluoroethylene resin particles, and then applying compressive shear stress to the mixture to fibrillate the pol- 
ytetraf luoroethylene resin particles. 

18. A method according to Claim 17, wherein compressive shear stress is applied to the mixture containing not more 
than 40 wt% of liquid. 

1 9. A method according to Claim 1 7 or Claim 1 8, wherein compressive shear stress is applied until the tensile strength 
of the adsorption material increases to at least 5 g/mm 2 . 

20. A method according to any of Claims 1 7-1 9, wherein compressive shear stress is applied using a roll mill compris- 
ing at least two rolls which rotate at different linear speeds. 

21 . A method according to Claim 20, wherein the adsorption material is then formed into a sheet using a press roll com- 
prising at least two rollers which rotate at the same linear speed. 
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22. A method according to Claim 21 , wherein said shear stress application step comprises passing the mixture through 
at least neof the roll mill and the press roll at least in two olrections aossing at right angles to n other to form 
a sheet where the activated carbon fiber is randomly riented. 

23. A method according to Claim 21 , wherein said shear stress application step comprises repeatedly press rolling the 
sheet in the same direction so that activated carbon f ber contained in the sheet is mainly oriented in one direction. 

24. A method according to any of Claims 17-23, wherein the mixture further comprises carbon powder having an aver- 
age size that is not greater than the average fiber diameter of the activated carbon fiber. 

25. A method according to any of Claims 1 7-24, wherein the adsorption material further comprises carbon powder in 
an amount of from 5 to 50 wt% based on the total weight of the activated carbon fiber and the carbon powder. 

26. A method according to any of Claims 21-23. wherein the nip size of the roll mill is from 5-40 times the average diam- 
eter of activated carbon ffoer. 

27. A method according to any of Claims 17-26, wherein compressive shear stress is applied at a temperature of 20 to 
320°C. 



28. An adsorption material according to any of Claims 1 to 16, wherein the adsorption material is covered with a mem- 
brane filter. 



29. An adsorption material according to any of Claims 1 to 16. wherein a sheet obtained from said adsorption material 
is covered with a membrane filter. 

30. Use of an adsorption material as defined in any of Claims 1 to 16 for the protection of electronic or electrical 
devices, or equipment from pollutants. 

PatentansprOche 

1 . Adsorptionsmaterial, das gemahlene Aktivkohlefaser umfaBt, die durch Fibrillen eines Polytetraf luorethylenharzes 
zusammengebunden ist, und das erhaltlich ist durch: 

(i) das Mischen von gemahlener Aktivkohlefaser und von Polytetrafluorethylenharzteilchen. und dann 

(ii) das Anlegen einer Druckscherbeanspruchung an die Mischung, urn die Polytetrafluorethylenharzteilchen 
zu f ibrillieren. 

2. Adsorptionsmaterial gemaB Anspruch 1 , worin der mittlere Faserdurchmesser der Aktivkohlefaser von 2 bis 50 urn 
betragt. 

3. Adsorptionsmaterial gemaB Anspruch 1 oder Anspruch 2, worin der Gehalt der Aktivkohlefaser mit einem Vemalt- 
nis der Lange der Aktivkohlefaser, gemessen mit einer Laserlichtstreutechnik, zu dem mittleren Durchmesser der 
Aktivkohlefaser von nicht weniger als 3 mindestens 20 Gew.-%, bezogen auf die Gesamtmenge der in dem 
Adsorptionsmaterial enthaltenen Aktivkohlefaser betragt. 

4. Adsorptionsmaterial gemaB einem der AnsprOche 1 bis 3, worin die Menge des in dem Adsorptionsmaterial ent- 
haltenen Polytetraf luorethylenharzes 0,5 bis 50 Gew.-%, bezogen auf das Gesamtgewichtdes Adsorptionsmateri- 
als betragt 

5. Adsorptionsmaterial gemaB einem der vorangehenden Anspruche. worin das Adsorptionsmaterial ferner Kohlen- 
stoffpulver mit einer mittleren GrOBe, die nicht grOSer ist als der mittlere Faserdurchmesser der Aktivkohlefaser 
umfaBt. 



6. Adsorptionsmaterial gemaB einem der vorangehenden AnsprOche, worin das Adsorptionsmaterial ferner Kohlen- 
stoffpulver in einer Menge von 5 bis 50 Gew.-%, bezogen auf das Gesamtgewicht der Aktivkohlefaser und des Koh- 
lenstoffpufvers umfaBt 
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7. Adsorptionsmaterial gemaB einem der vorangehenden Anspruche, worin das Adsorptionsmaterial in Form eines 
Bog ens vorliegl 

8. Adsorptionsmaterial gemaB Anspruch 7. worin das Adsorptionsmaterial in Form eines Bogens rrrit einer Zugfestig- 
keit von mindestens 5 g/mm 2 und einer Zugdehnung von rrdndestens 10 % voriiegt 

9. Adsorptionsmaterial gemaB einem der vorangehenden Anspruche, worin das Adsorptionsmaterial eine Packungs- 
dichte von 0.3 bis 1,0 g/cm 3 aufweist 

10. Adsorptionsmaterial gemaB einem der vorangehenden AnsprOche, worin die Aktivtohlefaser im Adsorptionsmate- 
rial eine spezifische Oberf lache von nicht weniger als 400 rr^/g aufweist 

11- Adsorptionsmaterial gemaB einem der AnsprOche 7 bis 10, worin das Adsorptionsmaterial in Form eines Bogens 
voriiegt und die im Bogen enthaltene Aktivtohlefaser zufallig orientiert ist 

12. Adsorptionsmaterial gemaB einem der AnsprOche 7 bis 10, worin das Adsorptionsmaterial in Form eines Bogens 
voriiegt und die Aktivkohlefaser hauptsachlich in einer Richtung orientiert ist. 

1 3. Adsorptionsmaterial gemaB Anspruch 1 , worin die Fibrillen einen Durchmesser von nicht mehr als 1 jim aufweisen. 

14. Adsorptionsmaterial gemaB Anspruch 1, worin die Polytetrafluorethylenteilchen durch Emulsionspolymerisation 
erhaltlich sind. 

15. Adsorptionsmaterial gemaB Anspruch 1, worin die Lange jeder Aktivtohlefaser in dem Adsorptionsmaterial im 
Bereich von 10 bis 1000 jim liegt. 

16. Adsorptionsmaterial gemaB Anspruch 3, worin der Gehalt der Aktivkohlefaser mit besagtem Verhaltnis 20 bis 80 
Gew.-% betragt. 

17. Verfahren zur Herstellung eines Adsorptionsmaterials, welches das Mischen von gemahlener Aktivkohlefaser und 
von Polytetraf luorethylenharzteilchen, und dann das Anlegen von Druckscherbeanspruchung an die Mischung, urn 
die Polytetraf luorethylenharzteilchen zu fbrillieren, umfaBt. 

18. Verfahren gemaB Anspruch 17, worin die Druckscherbeanspruchung auf eine Mischung, die nicht mehr als 40 
Gew.-% FlOssigkeit enthalt, angelegt wird. 

1 9. Verfahren gemaB Anspruch 1 7 oder Anspruch 1 8. worin die Druckscherbeanspruchung angelegt wird, bis die Zug- 
festigkeit des Adsorptionsmaterials auf mindestens 5 g/mm 2 steigt. 

20. Verfahren gemaB einem der Anspruche 17 bis 19, worin die Druckscherbeanspruchung mit einer Walzmuhle, die 
mindestens zwei Walzen, die mit unterschiedlichen Lineargschwindigkeiten rotieren, angelegt wird. 

21. Verfahren gemaB Anspruch 20, worin das Adsorptionsmaterial dann mit einer Druckwalze. die mindestens zwei 
Walzrollen, die mit der gleichen Uneargeschwindigkeit rotieren, umfaBt, zu einem Bogen geformt wird. 

22. Verfahren gemaB Anspruch 21, worin der Schritt des Anlegens einer Scherbeanspruchung das Fuhren der 
Mischung durch mindestens eine der WalzmOhle und der Druckwalze mindestens in zwei Richtungen, die einander 
im rechten Winkel zueinander schneiden, umfaBt, urn einen Bogen zu formen, wo die Aktivkohlefaser zufallig ori- 
entiert ist. 

23. Verfahren gemaB Anspruch 21 , worin der Schritt des Anlegens einer Scherbeanspruchung das wiederholte Druck- 
walzen des Bogens in der gleichen Richtung umfaBt, so daB die im Bogen enthaltene Aktivkohlefaser hauptsach- 
lich in einer Richtung orientiert ist 

24. Verfahren gemaB einem der AnsprOche 17 bis 23. worin die Mischung ferner Kohlenstoffpulver mit einer mittleren 
GroBe umfaBt die nicht grdBer ist als der mittiere Faserdurchmesser der Aktivkohlefaser. 

25. Verfahren gemaB einem der AnsprOche 17 bis 24. worin das Adsorptionsmaterial ferner Kohlenstoffpulver in einer 
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Menge von 5 bis 50 Gew.-%, bezogen auf das Gesamtgewicht der Aktivtohlefaser und des Kohlenstoffpufvers 
umfaBt. 

26. Verfahren gemaB einem der AnsprOche 21 bis 23, worm die Weite der Klemmlinie der WalzmQhle das 5 bis 40- 
fache des mittieren Durchmessers der Aktivkohlefaser betrflgt. 

27. Verfahren gemas einem der AnsprOche 17 bis 26, worin die Druckscherbeanspruchung bei einer Temperatur von 
20 bis 320°C angelegt wird. 

28. Adsorptionsmaterial gemaB einem der AnsprOche 1 bis 16. worin das Adsorptionsmaterial mit einem Membranf li- 
ter bedeckt wird. 

29. Adsorptionsmaterial gemaB einem der AnsprOche 1 bis 16, worin ein aus dem besagten Adsorptionsmaterial 
erhartener Bogen mit einem Membranf irter bedeckt wird. 

30. Verwendung eines Adsorptionsmaterials, wie es in einem der AnsprOche 1 bis 16 definiert ist, zum Schutz von 
elektronischen oder elektrischen Vomchtungen oder Geraten vor Schadstoffen. 

Revendications 

1. Matariau d'adsorption comprenant des fibres de charbon activa broy6es Ii6es ensemble par des fbrilles en une 
r6sine de poJyt6traf Iuoro6thylene. que i'on peut obtenir en : 

(i) maiangeant des ftores de charbon activa broy6es et des particules de r6sine de polytftrafluoro^thyl^ne. 
puis 

pi) appliquant une contrainte de cisaillement sous compression au melange afin de fibriller les particules de 
r6sine de polytatraf luoroathyiane. 

2. Matariau d'adsorption selon la revendication 1 , dans lequel le diamatre moyen des fibres de charbon activa est de 
2 a 50 ^m. 

3. Matariau d'adsorption selon la revendication 1 ou 2, dans lequel la proportion de fibres de charbon active ayant un 
rapport de la longueur des fibres de charbon activa. mesurSe par une technique de dispersion de lumiare de laser, 
au diamatre moyen des fibres de charbon activa, non inferieur a 3, est d'au moins 20 % en poids par rapport a la 
quantita totale de fibres de charbon activa prasentes dans le matariau d'adsorption. 

4. Matariau d'adsorption selon I'une quelconque des revendications 1 a 3, dans lequel la quantita de la rasine de poly- 
tatraf luoroathyiane prasente dans le matariau d'adsorption est de 0.5 a 50 % en poids par rapport au poids total du 
matariau d'adsorption. 

5. Matariau d'adsorption selon I'une quelconque des revendications pracadentes, dans lequel le matariau d'adsorp- 
tion comprend en outre de la poudre de charbon ayant une granulomatrie moyenne non suparieure au diamatre 
moyen des fibres de charbon activa. 

6. Matariau d'adsorption selon I'une quelconque des revendications pracadentes, dans lequel le matariau d'adsorp- 
tion comprend en outre de la poudre de charbon en une quantita de 5 a 50 % en poids par rapport au poids total 
des fibres de charbon activa et de la poudre de charbon. 

7. Matariau d'adsorption selon I'une quelconque des revendications pracadentes, dans lequel le matariau d'adsorp- 
tion est sous la forme d'une feuille. 

8. Matariau d'adsorption selon la revendication 7, dans lequel le matariau d'adsorption est sous la forme d'une feuille 
ayant une rasistance a la traction d'au moins 5 g/mm 2 et un allongement a la rupture d'au moins 10 %. 

9. Matariau d'adsorption selon I'une quelconque des revendications pracadentes, dans lequel le matariau d'adsorp- 
tion a une masse volumique apparente de 0,3 a 1 ,0 g/cm 3 . 

10. Matariau d'adsorption selon I'une quelconque des revendications pracadentes, dans lequel les fibres de charbon 
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active dans le materiau d'adsorption ont une aire speafique non irrferieure a 400 rr^/g. 

11. Material! d'adsorption selon Tune queiconque des revendications 7 a 10. dans lequeJ le materiau d'adsorption est 
sous la forme d'une feuille et les f tores de charbon active presentes dans la feuille ont une orientation aleatoire. 

12. Materiau d'adsorption selon I'une queiconque des revendications 7 a 10, dans lequel le materiau d'adsorption est 
sous la forme d'une feuille et les f fcres de charbon active sont princjpalement orientees dans une direction unique. 

13. Materiau d'adsorption selon la revendication 1, dans lequel lesfibrilles ont un diametre non superieur a 1 ^m. 

14. Materiau d'adsorption selon la revendication 1, dans lequel les particules de polytetrafluoroethyl^ne peuvent §tre 
obtenues par polymerisation en emulsion. 

15. Materiau d'adsorption selon la revendication 1, dans lequel la longueur de chacune des fibres de charbon active 
dans le materiau d'adsorption est situee dans llntervalle allant de 10 a 1000 urn. 

1 6. Materiau d'adsorption selon la revendication 3, dans lequel la proportion de fibres de charbon active ayant ledrt rap- 
port est de 20 a 80 % en poids. 

1 7. Proc6de pour fabriquer un materiau cfadsorption, qui comprend le melange de fibres de charbon active broyees et 
de particules de resine de polyt6traf luoroethylene, puis ('application d'une contrainte de cisaillement sous compres- 
sion au melange pour fibriller les particules de resine de polytetraf luoroethylene. 

18. Proc6de selon la revendication 17, dans lequel la contrainte de cisaillement sous compression est appliquee au 
melange ne contenant pas plus de 40 % en pads de liquide. 

1 9. Proc6de selon la revendication 1 7 ou 1 8, dans lequel la contrainte de cisaillement sous compression est appliquee 
jusqu'a ce que la resistance a la traction du mateViau d'adsorption augmente a 5 g/mm 2 au moins. 

20. Proc6de selon I'une queiconque des revendications 17 a 19, dans lequel la contrainte de cisaillement sous com- 
pression est appliquee au moyen d'un broyeur a cylindres comprenant au moins deux cylindres qui tournent a des 
vrtesses lingatres differentes. 

21. Precede selon la revendication 20. dans lequel le materiau d'adsorption est ensuite mis sous la forme d'une feuille 
au moyen d'un cylindre presseur comprenant au moins deux rouleaux qui tournent a la meme Vitesse lineaire. 

22. Proc6de selon la revendication 21 , dans lequel ladite 6tape d'application de contrainte de cisaillement sous com- 
pression comprend le passage du melange a travers au moins I'un du broyeur a cylindres et du cylindre presseur 
dans au moins deux directions se croisant a angle droit entre elles de facon a former une feuille dans laquelle les 
fibres de charbon active sont orientees de facon aleatoire. 

23. Proc6de selon la revendication 21, dans lequel ladite etape d'application de contrainte de cisaillement sous com- 
pression comprend le laminage sous pression de la feuille dans la meme direction de facon que les fibres de char- 
bon active presentes dans la feuille soient principalement orientees dans la meme direction. 

24. Proc6de selon I'une queiconque des revendications 1 7 a 23, dans lequel le melange comprend en outre de la pou- 
dre de charbon ayant une granulomere moyenne qui n'est pas superieur au diametre mcyen des fibres de char- 
bon active. 

25. Proc6de selon I'une queiconque des revendications 17 a 24, dans lequel le materiau d'adsorption comprend en 
outre de la poudre de charbon en une quantrte de 5 a 50 % en poids par rapport au poids total des fibres de char- 
bon active et de la poudre de charbon. 

26. Proc6de selon I'une queiconque des revendications 21 a 23, dans lequel I'ecartement entre les cylindres du 
broyeur a cylindres represente 5 a 40 fois le diametre moyen des fibres de charbon active. 

27. Proc6de selon I'une queiconque des rev ndications 17 a 26, dans lequel la contrainte de cisaillement sous com- 
pression est appliquee a une temperature de 20 a 320°C. 
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28. Materiau d'adsorption selon Tune queiconque des revendications 1 a 16, dans lequel le materiau d'adsorption est 
recouvert d'un f 3tre rrticroporeux 

29. Materiau d'adsorption selon Tune queiconque des revendications 1 a 16, dans lequel une feuille obtenue a partir 
dudit materiau d'adsorption est recouverte d'un fihtre microporeux. 

30. Utilisation d'un materiau d'adsorption tel que defini dans Tune queiconque des revendications 1 a 16, pour proteger 
des equipements ou disposrtifs 6lectroniques ou electroniques vis-a-vis de matieres polluantes. 
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FIG. 2 




24 



EP0 661 094 B1 



FIG. 3 
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FIG. 4 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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FIG. 16 
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